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Abstract 
Young rabbit females selected for growth rate may have nutritional needs which may 
not be met with the common practice of feed restriction during rearing in commercial 
rabbit production. The aim of this study was to analyse whether two different feeding 
programmes: ad libitum or restricted (130g/day) feeding, applied in young rabbit 
females for one month at the end of rearing, could modulate the origin of ovulation 
process and the quality of the oocytes. At 16 weeks of age, 34 females were randomly 
assigned to restricted or ad libitum feeding, maintaining these conditions for a month. 
Then, in an initial experiment, transcriptional profiling of hypothalamus-hypophysis 
tissue was performed to assess failure to ovulate. In the second experiment, the gene 
expression analysis of some candidate genes related with oocytes quality was 
performed. Our results demonstrated that neither of the two feeding programmes 
modified the transcription of hypothalamus-hypophysis tissue, while the only 
differences in MSY2 expression were found in in vivo mature oocytes ready for 
successful fertilization. Specifically, MSY2 was over-expressed in oocytes from 
females fed ad libitum. MSY2 is one of the most abundant proteins in the oocyte and 
has proven to be a key regulator of maternal RNA transcription and translation. This 
finding suggests that MSY2 gene is a promising gene in our understanding of the 
relationship between high growth rate and reproductive performance decline. 
 





Management of young rabbit females during the rearing period aims to develop 
adequate body growth in order to increase the long-term productivity and lifespan of 
rabbit females, avoiding problems related with over-conditioning during their future 
reproductive life (Martínez-Paredes et al., 2015). Different feeding programmes, such as 
feed to appetite (ad libitum) or feed restriction, are common practice in commercial 
rabbit production (Szendrő et al., 2012). An ad libitum diet provides better sexual 
development in terms of receptivity, ovulation rate, blastocyst size and implantation rate 
(Ashworth et al., 1999a, b; Rommers et al., 2004). However, overfeeding young females 
before first mating can lead to conditions of fattiness (Szendrő et al., 2012). In contrast, 
feed restriction improves reproductive performance in farm animals (Eiben et al., 2001; 
Rommers et al., 2004).  
Several studies have demonstrated that variations in feed intake (energy) may have a 
direct or indirect effect on female reproduction through alterations in GnRH secretion, 
inhibition or delay of LH surge and fluctuations of estradiol-17β and progesterone 
concentrations (Boland et al., 2001; Kiyma et al., 2004; Ferguson et al., 2003). 
Likewise, they have been shown to affect ovarian follicle development (Alexander et 
al., 2007) and follicular characteristics (Armstrong et al., 2001), ovulation (Yan et al., 
2008), oocyte morphology and developmental potential (McEvoy et al., 1995; 
O’Callaghan et al., 2000; Ferguson et al., 2003), embryo development (García-García et 
al., 2011) and fertility rates (Brecchia et al., 2006), resulting in reduced oocyte quality 
in terms of in vitro fertilization rates and embryonic development (Papadopoulos et al., 
2001).  
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In this sense, several studies in females from a rabbit synthetic line selected for growth 
rate over 36 generations demonstrated a significant reduction in the ovulation frequency 
(30%) in comparison to New Zealand white (Vicente et al., 2012; Naturil-Alfonso et al., 
2016). These ovulation failures have been related to reduced LH plasma concentrations 
(Viudes-de-Castro et al., 1995; Vicente et al., 2003; 2012; Naturil-Alfonso et al., 2016). 
It has been shown that fasting modifies the responses of the anterior pituitary gland to 
GnRH activity, leading to a reduced synthesis of LH by pituitary cells (Brecchia et al., 
2006; Ferguson et al., 2003). Moreover, Labreque et al. (2014) reported that the 
suppression of LH pulses may have an impact either on follicle development or on the 
oocyte quality. In the same way, similar results in oocyte and/or embryo quality of this 
rabbit synthetic line selected for increased growth have recently been suggested when 
females are submitted to different feeding regimens (Naturil-Alfonso et al., 2015).  
Hence, the aim of this study was to analyse whether two different feeding programmes, 
consisting of ad libitum or restricted feeding applied in young rabbit females for one 
month at the end of rearing, could modulate the origin of the ovulation process and the 
quality of the in vivo mature oocytes ready for successful fertilization. Our hypothesis 
was that these young females with 36 generations of selection for growth rate, when 
subjected to a restrictive regime to avoid over-thickening, could not cope with their 
needs at first conception, causing long-term nutrient deficiency which leads to the 
subsequent reproductive problems characteristics of this synthetic line.  
 
Material and methods 
All chemicals used in this study were purchased from Sigma-Aldrich Química S.A. 
(Madrid, Spain) unless stated otherwise.  
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1. Ethical Statement 
The experiment was performed in accordance with the principles of animal care 
published by Spanish Royal Decree 53/2013 (BOE 2013). The animal studies were 
approved by the Committee of Ethics and animal Welfare of the Universidad 
Politécnica de Valencia (procedure 2015/vsc/PEA/00061). Researchers involved in 
work with the animals held an animal experimentation licence issued by the Spanish 
authorities. 
2. Animals 
 A total of 34 does from a synthetic line selected for growth rate between weaning and 
slaughter time (9th wk of life) for 36 generations (named Line R, Instituto de Ciencia y 
Tecnología Animal, Estany et al., 1992) were used in this study. Young females were 
maintained under a 16 h light/8 h dark photoperiod across the experiment. All females 
were fed ad libitum until 12 weeks of age with a commercial diet (on dry matter basis: 
17.5% crude protein, 3.5% ether extract, 16.7% crude fibre, 2938 kcal/kg). Until 9 
weeks of age, young females were caged collectively, and subsequently housed 
individually. At 12 weeks of age, all females were feed restricted, as is common 
practice in commercial rabbit production. Animals received 130 g/day to cover energy 
requirements for maintenance (340 kJ day-1 kg-1 LW0.75, Xiccato and Trocino, 2010). 
At 16 weeks of age, females were then randomly assigned to feed restriction (n = 17) or 
feeding ad libitum (n = 17). The feeding regime was maintained for 4 weeks 
 
3. Experiment 1. Hypothalamus-pituitary microarray 
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At 20 weeks, 22 receptive females (10 feed ad libitum and 12 feed restricted) were 
euthanized by intravenous injection of 200 mg/kg of pentobarbital sodium (Dolethal, 
Vétoquinol, Madrid, Spain). Hypothalamus-pituitary was recovered and samples of 
approximately 15-20 mg from each female were frozen individually in the liquid 
nitrogen before storing at -80ºC for later RNA extraction. 
At the moment of sacrifice, body weight and body composition were determined. The 
perirenal fat thickness (PFT) was measured by ultrasound to evaluate body condition, as 
described by Pascual et al. (2000). Briefly, images were obtained by a portable colour 
Doppler ultrasound device (Esaote, Spain) with 7.5 MHz linear probe (4-12 MHz 
range). PFT measures were indirectly obtained using the software of the ultrasound unit. 
 
3.1. RNA extraction 
PolyA RNA was extracted from hypothalamus-pituitary. Total RNA was isolated from 
each female using traditional phenol/chloroform extraction by sonication in the Trizol 
reagent (Invitrogen) as described by Llobat et al. (2012). Then, RNA was purified by 
RNA Clean-up columns (Nucleospin, Madrid, Spain) and the concentration, quality and 
integrity of RNA were evaluated by Bioanalyzer 2100 (Agilent Technologies). 
 
3.2. Microarray analysis 
For the two-colour microarray analysis, four biological replicates were used for ad 
libitum hypothalamus-pituitary, including two dye swaps to compensate dye-bias. For 
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restricted hypothalamus-pituitary, four biological replicates were used, including one 
dye-swap. 
Total RNA (100 ng) was amplified using QuickAmp Labelling Kit (Agilent 
Technologies, Madrid, Spain), following the manufacturer’s instructions. The 
complementary RNA (cRNA) generated was purified and labelled with Cyanine 3 dye 
(Cy3) and Cyanine 5 dye (Cy5). Excess dye was removed with the QIAquick PCR 
purification kit (Quiagen Iberia S.L., Madrid, Spain) and dye incorporation and 
concentration were determined using the microarray setting on the Nanodrop 1000. 
Equal amounts of Cy3 and Cy5 labelled samples (825 ng) were mixed with 10X 
Blocking Agent and Fragmentation Buffer, then 55 µL of the mixture were hybridised 
into the Rabbit 44x oligonucleotide array G2519F (Agilent Technologies, Madrid, 
Spain). After 17 hours at 65ºC, hybridized slides were washed and scanned using the 
Agilent DNA Microarray Scanner G2565B (Agilent Technologies, Madrid, Spain). The 
resulting images were processed using Feature Extraction v.10 Software (Agilent 
Technologies, Madrid, Spain with default parameters. Normalization with the locally 
weighted linear regression (LOWESS) algorithm and identification of differentially 
expressed transcripts was achieved using the Limma package in R (www.r-project.org). 
P-values were adjusted for multiple testing using Benjamini and Hochberg false 
discovery rate (FDR) and differences of p<0.05 were considered significant. 
3.3. Real-time PCR 
To validate the microarray results obtained, seven genes (LRP2: LDL-related protein; 
EMP1: Epithelial membrane protein 1; ANXA3: Annexin A3; RBP4: Retinol-binding 
protein 4; CITED1: Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-
terminal domain; TNFAIP6: Tumour necrosis factor alpha-induced protein 6; 
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EGFLAM: EGF-like fibronectin type III and laminin G domains) were carried out in 
twenty-two independent pool samples (microarray samples plus additional pools).  
To prevent DNA contamination, one deoxyribonuclease treatment step (gDNA Wipeout 
Buffer, Qiagen Iberia S.L, Madrid, Spain) was performed from total RNA (1000 ng). 
Afterwards, reverse transcription was carried out using the qScriptTM cDNA Synthesis 
kit (Quanta BioSciences Inc., Gaithersburg, USA) according to the manufacturer’s 
instructions. Real-time PCR (RT-PCR) reactions were conducted in an Applied 
Biosystems 7500 (Applied Biosystems, Foster City, CA). Every PCR was performed 
with 5 µL of 1:20 diluted cDNA template (except for TNFAIP6 and EGFLAM which 
was 1:10 diluted cDNA), 250nM of forward and reverse primers (Table 1) and 10µL of 
PowerSYBR Green PCR Master Mix (Fermentas GMBH, Madrid, Spain) in a final 
volume of 20 µL. The PCR protocol included an initial step of 50ºC (2 min), followed 
by 95ºC (10 min) and 40 cycles of 95ºC (1 sec) and 60ºC (30 sec). After RT-PCR, a 
melting curve analysis was performed by slowly increasing the temperature from 65ºC 
to 95ºC, with continuous recording of changes in fluorescent emission intensity. Serial 
dilutions of cDNA pool made from several samples were run in triplicate to assess PCR 
efficiency and determine the sample dilution. The analysed samples were run in 
duplicate. Non-template controls (cDNA was replaced by water) for each primer pair 
were run in all plates. A ΔΔCt method adjusted for PCR efficiency was used, employing 
the geometric average of H2AFZ (H2A histone family member Z) and GAPDH 
(glyceraldehyde-3-phosphate dehydrogenase) as reference gene (Llobat et al., 2012). 
Relative expression of cDNA pool from various samples was used as the calibrator to 
normalize all samples within one RT-PCR run or between several runs. The products of 
RT-PCR were confirmed by ethidium bromide-stained 2% agarose gel electrophoresis 
in 1x Bionic buffer (Sigma-Aldrich Química S.S, Alcobendas, Madrid, Spain). 
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4. Experiment 2. Oocyte gene expression  
4.1. Oocyte recovery 
At 20 weeks, 12 receptive females (7 feed ad libitum and 5 feed restricted) were 
induced to ovulate by an intramuscular injection of 1 µg of Busereline Acetate 
(Suprefact, Hoechst Marion Rousell, S.A., Madrid, Spain). Sixteen hours post-
ovulation, females were euthanized as described above and reproductive tracts were 
recovered. Oocytes were recovered by perfusion of each oviduct with 10 mL of pre-
warmed DPBS supplemented with 0.2% of BSA.  For each female, the ovulation rate 
was noted counting ovulation scars (number of corpora lutea) and ovulation recovery 
rate was calculated as the number of oocytes recovered in each female from the total of 
corpora lutea in both ovaries. Finally, oocytes were pooled to randomize female effect 
and stored at -80ºC for later RNA extraction. 
4.2. RNA extraction 
As the amount of RNA present in a single oocyte is rather limited, for each 
experimental group (ad libitum and restricted derived oocytes) six pools of 6–10 
oocytes were generated. 
A pool of oocytes was homogenized after two freezing steps in Liquid Nitrogen. 
Afterwards, RNA isolation was performed using Dynabeads® mRNA Purification Kit 
(Invitrogen) according to the manufacturer's instructions. Finally, RNA amplification, 
DNAse step and purification was performed using MasterPure™ RNA Purification Kit, 
according to manufacturer’s instructions (Epicentre, Barcelona, Spain). 
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RNA isolated from oocytes was reverse transcribed into cDNA using SuperScript III 
Reverse Transcriptase (Invitrogen S.A., Barcelona, Spain) in a total volume of 20 µL, 
according to the manufacturer’s instructions.  The RT reaction was carried out at 25 °C 
for 5 min and 50 °C for 60 min, followed by an inactivation step at 75 °C for 15 min. 
4.3. Primer design 
Two genes, Histone (H2afz) and Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) were selected as reference genes in the quantitative RT-PCR, in accordance 
with Llobat et al. (2011).  Furthermore, gene specific primers were designed exon-exon 
and assayed to evaluate MSY2: Y-box binding protein 2; MATER: NLR family, pyrin 
domain containing 5, IPTR1: inositol 1,4,5-triphosphate receptor 1; IPTR2: inositol 
1,4,5-triphosphate receptor 2; IPTR3: inositol 1,4,5-triphosphate receptor 3; eIF4E: 
eukaryotic translation initiation factor 4E; PARN: poly(A)-specific ribonuclease; 
PAPOL-A: poly(A) polymerase alpha; PAPOL-G: poly(A) polymerase gamma; GDF9: 
growth differentiation factor 9; ZAR1: zygote arrest 1; YY1:  ubiquitously distributed 
transcription factor expression (Table 2). To avoid DNA contamination, DNA and RNA 
samples were run to check possible amplification. 
4.4. Real-time PCR 
The mRNA expression was analysed by real-time PCR in an Applied Biosystems 7500 
(Applied Biosystems, Foster City, CA) with 5 µL of 1:10 diluted cDNA template, and 
as previously described. 
5. Statistical analysis 
Body weight and PFT were analysed by student t-test. Ovulation rate and oocyte 
recovery rate were analysed by a GLM including feeding regimen (ad libitum or 
 11 
restricted) as fixed factor. For mRNA expression, data on relative mRNA abundance 
among different groups in each comparison were analysed after data normalization by 
Napierian logarithm transformation and evaluated using GLM.  
Data were analysed using the SPSS software package, version 16.0 (SPSS Inc, Chicago 
Illinois, USA 2002). Results are reported as least mean squares ± SEM. Means were 
considered statistically different at P<0.05. 
Results 
Ad libitum females showed significantly increased ingestion of 55% compared to the 
restricted group (235.5 ± 6.87 g/day vs. 130.0 g/day). In addition, ad libitum females 
showed to be heavier than restricted ones (5899.09 ± 133.187 kg vs. 5329.00 ± 139.687 
kg, for ad libitum and restricted females, respectively, P=0.008). As expected, the same 
tendency was reported for PFT (9.63 ± 0.231 mm vs. 8.89 ± 0.243 mm, for ad libitum 
and restricted females, respectively, P=0.040). 
 
1. Experiment 1. Hypothalamus-pituitary microarray 
Limma analysis after normalization did not reveal any significant changes in gene 
expression. A total of 7 genes represented on the microarray (LPR2, EMP1, ANXA3, 
RBP4, CITED1, TNFAIP6, EGFLAM) were selected and tested using RT-PCR. EMP1 
is thought to be involved in the regulation of different processes such as cell cycle or 
cell-cell recognition, and high levels of EMP1 expression have been related with cell 
differentiation and arrest (Wulf and Suter, 1999). ANXA3, EGFLAM and TNAIP6 
genes were selected because they are mainly involved in cellular growth, differentiation 
and proliferation, including angiogenesis and membrane fusion (Gerke et al., 2005; 
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Haider & Knöfler, 2009; Han & Townes-Anderson, 2012; Leali et al., 2012). The genes 
TNF-alpha, LRP2 and cited1 were chosen for action directly within the hypothalamus 
on modulation of food intake (TNF-alpha [Romanatto et al., 2007], LRP2 [Gil et 
al., 2013]) and diurnal activity rhythms (cited1, [Gerstner & Landry, 2006]). In the case 
of RBP4 gene, it is associated with adiposity and insulin resistance (Jung & Choi, 
2014). However, according to the microarray results, no significant differences were 
observed between groups using RT-PCR (Figure 1). 
 
2. Experiment 2. Oocyte gene expression 
2.1 Oocyte recovery 
No differences were found either in ovulation rate or in recovery rate. Ovulation rate 
was 12.2 ± 1.60 and 13.2 ± 1.13 for ad libitum and restricted donor females, 
respectively. The oocyte recovery rate was 0.87 ± 0.043 vs. 0.92 ± 0.024, for ad libitum 
and restricted donor females respectively. 
2.2. Oocyte gene expression 
Differences in relative transcript abundance between groups are shown in Figure 2. 
These genes were selected because they represent essential stages of oocyte maturation 
and development, such as oocyte activation, mRNA transcription and oocyte-embryo 
transition. From the total of 12 genes analysed, only MSY2 gene expression was shown 
to be different between both groups of oocytes. Oocytes from females fed ad libitum 
showed a higher MSY2 gene expression levels than oocytes from restricted females. 
 Discussion 
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Previous studies have shown that rabbit females selected for growth rate have severe 
reproductive problems, which start with ovulation failures (Vicente et al., 2012; Naturil-
Alfonso et al., 2016a). These females have been shown to weigh 26% more than 
maternal or other lines/breeds not used in meat production (De la Fuente & Rosell, 
2012). Our hypothesis was that the restricted nutritional regime in the last pubertal 
period prior to onset of the reproductive period is not enough to cope with the needs 
during reproduction of these females with higher growth rate and conversion index, 
causing a long-term deficiency which leads to the subsequent reproductive problems. 
Indeed, females fed ad libitum have shown reduced gestational losses and higher fetal 
growth than restricted does (Naturil-Alfonso et al., 2016b). 
Balasubramanian et al. (2012) showed that body weight and diet could suppress 
reproductive function by acting on the hypophysis or the ovary, causing a reduction in 
ovulatory function. Diet and food ingestion modify different metabolic hormones, such 
as leptin, insulin and neuropeptide Y, which can eventually alter the reproductive 
function. Specifically, leptin controls GnRH functionally through its ability to activate 
kisspeptin-positive neurons (Smith et al., 2006). Kisspeptin has been shown to stimulate 
GnRH neurons in several species (Martin et al., 2008), which finally affects the 
reproductive capacity in animals by disturbing LH and FSH secretion, and hence 
estradiol and testosterone release.   
A previous study showed that naturally mated females presented higher failures in 
ovulation rate due to a decreased LH release (Naturil-Alfonso et al., 2016a). These 
authors hypothesized the existence of an insufficient neuroendocrine reflex in the 
hypothalamus-hypophysis system to trigger adequate GnRH secretion. However, our 
results revealed no differences in the neuroendocrine system, as no differences in gene 
expression were detected between the hypothalamus-hypophysis system from ad libitum 
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and restricted females. The absence of differences leads us to conclude that ovulation 
failures may be caused by peripheral mechanisms rather than central mechanisms, such 
as failure in the nervous stimuli to the hypothalamus-hypophysis system.  
On the other hand, nutritional support has been identified as one of the relevant factors 
affecting embryo developmental competence of oocytes and embryos (Moussa et al., 
2015). Indeed, following our hypothesis, maternal nutrition is essential to provide the 
follicular cells with enough energy to grow and complete developmental programmes 
(Moussa et al., 2105). Nevertheless, despite the evidence, discrepancies are still found 
in the literature regarding the impact of nutrition on oocyte and embryonic quality. 
In rabbit, Mahmoud et al. (2006) described the same oocyte recovery rate between feed 
restricted (60% of unrestricted) during one/two months and unrestricted animals. In 
contrast, Dadoud et al. (2012) reported higher oocyte recovery rate from control fed 
females (150 g/day) than those fed 70% of control diet. Our results here showed no 
differences in either ovulation rate or recovery rate between oocytes from ad libitum 
and restricted females, in accordance with those published by Mahmoud et al. (2006). 
Likewise, Dadoud et al. (2012) observed reduced oocyte quality in restricted females 
with lower gene expression of GDF-9 in oocytes from restricted females from the high 
range of quality classification. Moreover, García-García et al. (2011) reported a drop in 
embryo development and speed of development in embryos from 72h post-conception 
fasted females, while no differences in blastocyst gene expression were detected. 
In this study, we observed no significant effects between both groups of oocytes in most 
of the chosen candidate genes related to oocyte activation (ITPR1, ITPR2, ITPR3, 
PAPOL-A, PAPOL-G, GDF9, ZAR1), mRNA translation and transcription (MSY2, 
eIF4E, PARN1, YY1) and oocyte-embryo transition (MATER). The only gene from the 
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group selected that proved to be differentially expressed between both groups of 
oocytes was MSY2. MSY2 is a Y-box protein involved in relevant processes of oocyte 
maturation and growth such as stability, transcription and translation regulation of 
maternal mRNAs. Thus, it is responsible for alterations in the pattern of protein 
synthesis during oocyte maturation (Gu et al., 1998; Yu et al., 2001). MSY2 relevance 
became evident with the finding that this protein is one of the most abundant oocyte 
proteins identified to date, accounting for roughly 2% of the total protein in the fully 
grown oocyte (Yu et al., 2001). The results of this study revealed a decreased MSY2 
gene expression in oocytes derived from restricted females when compared with 
oocytes from females fed ad libitum. A reduced MSY2 expression in the oocyte has 
been identified with reduction in oocyte maturation and activation, probably due to 
abnormal meiotic spindle and also with a reduction in both protein synthesis and total 
amount of mRNA in fully growth oocytes (Yu et al., 2004).  The effects of these altered 
processes are a drop in fertility, litter size and developmental arrest during pre- or post-
implantatory development. Indeed, we previously reported that embryos from females 
fed ad libitum after rearing period for one month until reproduction presented lower 
gestational losses and higher litter size than those from restricted females (Naturil-
Alfonso et al., 2016b).  
Conclusion 
In conclusion, the feed restriction in young females selected for growth rate at the end 
of rearing did not seem alter the hypothalamus-hypophysis axis, but is sufficient to 
provoke an upregulation of MSY2 gene in mature oocytes ready for successful 
fertilization. This finding suggests that MSY2 gene is a promising gene in our 
understanding of the relationship between high growth rate and reproductive 
performance decline. Nevertheless, further studies should be carried out on dietary 
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needs of females with high growth rate, but also at other transcriptional levels, with 
techniques such as microarray analysis, massive sequencing or proteomic analysis for 
in-depth study of the mechanisms underlying the oocyte alterations observed. 
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Table 1.  Primers sequence, accession number, amplicon size obtained, efficiency, correlation and 
reference where indicated, of genes analysed and housekeeping genes used (LRP2, as LDL-related 
protein; EMP1, as Epithelial membrane protein 1; ANXA3, as annexin A3; RBP4, as retinol-
binding protein4; CITED1, as Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-
terminal domain; TNFAIP6, as tumor necrosis factor alpha-induced protein 6; EGFLAM, as EGF-
like fibronectin type III and laminin G domains; histone (H2afz) and GAPDH, as housekeeping 
gene). 
 
Table 2.  Primers sequence, accession number, amplicon size obtained, efficiency, correlation and 
reference where indicated, of genes analysed and housekeeping genes used MSY2, as Y-box 
binding protein 2; MATER as NLR family, pyrin domain containing 5; IPTR1 as inositol 1,4,5-
triphosphate receptor 1; IPTR2, as inositol 1,4,5-triphosphate receptor 2; IPTR3, as inositol 1,4,5-
triphosphate receptor 3; eIF4E, as eukaryotic translation initiation factor 4E; PARN, as poly(A)-
specific ribonuclease; PAPOL-A, as poly(A) polymerase alpha; PAPOL-G, as poly(A) polymerase 
gamma; GDF9, as growth differentiation factor 9; ZAR1, as zygote arrest 1; YY1, as  ubiquitously 
distributed transcription factor expression; histone (H2afz) and GAPDH, as housekeeping gene). 
 
Figure 1. Relative expression of LDL-related protein (LRP2), Epithelial membrane protein 1 
(EMP1), Annexin A3; RBP4: retinol-binding protein4 (ANXA3), Cbp/p300-interacting 
transactivator, with Glu/Asp-rich carboxy-terminal domain (CITED1), Tumour necrosis factor 
alpha-induced protein 6 (TNFAIP6) and EGF-like fibronectin type III and laminin G domains 
(EGFLAM) for validation of hypothalamus-hypophysis microarray. Relative abundance values are 
shown in arbitrary units (a.u.), expressed by the mean value ± standard error means. 
 
  
Figure 2. Relative expression of Y-box binding protein 2 (MSY2), NLR family, pyrin domain 
containing 5 (MATER), Inositol 1,4,5-triphosphate receptor 1 (IPTR1), Inositol 1,4,5-triphosphate 
receptor 2 (IPTR2), Inositol 1,4,5-triphosphate receptor 3 (IPTR3), Eukaryotic translation initiation 
factor 4E (eIF4E), Poly(A)-specific ribonuclease (PARN), Poly(A) polymerase alpha (PAPOL-A), 
Poly(A) polymerase gamma (PAPOL-G), Growth differentiation factor 9 (GDF9), Zygote arrest 1 
(ZAR1), Ubiquitously distributed transcription factor expression (YY1). Relative abundance values 
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protein 1 (EMP1), Annexin A3; RBP4: retinol-binding protein4 (ANXA3), Cbp/p300-
interacting transactivator, with Glu/Asp-rich carboxy-terminal domain (CITED1), 
Tumour necrosis factor alpha-induced protein 6 (TNFAIP6) and EGF-like fibronectin 
type III and laminin G domains (EGFLAM) for validation of hypothalamus-hypophysis 
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Figure 2. Relative expression of Y-box binding protein 2 (MSY2), MATER: NLR 
family, pyrin domain containing 5, Inositol 1,4,5-triphosphate receptor 1 (ITPR1), 
Inositol 1,4,5-triphosphate receptor 2 (ITPR2), Inositol 1,4,5-triphosphate receptor 3 
(ITPR3), Eukaryotic translation initiation factor 4E (eIF4E), Poly(A)-specific 
ribonuclease (PARN), Poly(A) polymerase alpha (PAPOL-A), Poly(A) polymerase 
gamma (PAPOL-G), Growth differentiation factor 9 (GDF9), Zygote arrest 1 (ZAR1), 
Ubiquitously distributed transcription factor expression (YY1). Relative abundance 




Table 1.  Primers sequence, accession number, amplicon size obtained, efficiency, correlation and reference where indicated, of genes analysed 
and housekeeping genes used (LRP2, as LDL-related protein; EMP1, as Epithelial membrane protein 1; ANXA3, as annexin A3; RBP4, as 
retinol-binding protein4; CITED1, as Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain; TNFAIP6, as tumor 










H2AFZ AF030235 AGAGCCGGCTGCCAGTTCC CAGTCGCGCCCACACGTCC 85 94.25 0.99 
GADPH L23961 GCCGCTTCTTCTCGTGCAG ATGGATCATTGATGGCGACAACAT 144 95.68 0.99 
LPR2 ENSOCUT00000011039 GCCCAACTTCTTCTCCTGTG GCATCATTGCTCTTCTCCTCA 153 99.01 0.99 
EMP1 ENSOCUT00000021095 AATGTTGGTGTTACTGGCTG GATGCGTTAATAGAGTCTGAA 110 100.2 0.98 
ANXA3 ENSOCUT00000017879 ATCTTAACAACCAGGACAAGCA TCCACCTTCACACTTTCATCTC 167 100.6 0.99 
RBP4 ENSOCUT00000010524 TGGGCACCTTCACAGACAC TGCCGTCGAAGTTGAGGAG 162 101.86 0.99 
CITED1 ENSOCUT00000013306 GGATGAGGAGGTGCTGATGT CAACCAGACGGAAAGTCTGC 120 94.78 0.99 
TNFAIP6 ENSOCUT00000013688 AGTCCCCAATTACGACGATG ACATGGATGGTTCGGTCATT 99 100.0 0.99 








Table 2.  Primers sequence, accession number, amplicon size obtained, efficiency, correlation and reference where indicated, of genes analysed 
and housekeeping genes used MSY2, as Y-box binding protein 2; MATER as NLR family, pyrin domain containing 5; IPTR1 as inositol 1,4,5-
triphosphate receptor 1; IPTR2, as inositol 1,4,5-triphosphate receptor 2; IPTR3, as inositol 1,4,5-triphosphate receptor 3; eIF4E, as eukaryotic 
translation initiation factor 4E; PARN, as poly(A)-specific ribonuclease; PAPOL-A, as poly(A) polymerase alpha; PAPOL-G, as poly(A) 
polymerase gamma; GDF9, as growth differentiation factor 9; ZAR1, as zygote arrest 1; YY1, as  ubiquitously distributed transcription factor 









H2AFZ AF030235 AGAGCCGGCTGCCAGTTCC CAGTCGCGCCCACACGTCC 85 94.25 0.99 
GADPH L23961 GCCGCTTCTTCTCGTGCAG ATGGATCATTGATGGCGACAACAT 144 95.68 0.99 
MSY2 ENSOCUT00000015067 CCCACCACCCTTCTTCTACC CTGGTCTCCCTGTTGTTGGT 262 100.2 0.99 
MATER ENSOCUT00000005758 GCCTGTCCCATGTGATTGTG GAGGTCCAAGCTCTTCAGGT 60 99.5 0.99 
ITPR1 ENSOCUT00000015067 GGGACCTTAACAACCCACCT GCTGCTTTCCAGAACTGCTT 100 92.27 0.99 
ITPR2 ENSOCUT00000010759 CATTTGCCATCGTGTCTGTC GCACGTCAGCAACAAAGAAG 212 100.7 0.99 
ITPR3 ENSOCUT00000005784 AGCTGGTGTGTGACCTCATC AGCCACTGTGGACTTGGTCT 129 90.11 0.99 
eIF4E ENSOCUT00000024443 CAGGAGGTTGCTAACCCAGA AGAGATCAGCCGAAGGTTTG 128 97.01 0.99 
PARN1 ENSOCUT00000000324 ACCAGCAGATATGCGGAAAG GCTGTGCTGGTAGCTGTCAA 111 89.57 0.99 
PAPOL-A ENSOCUT00000011534 TGTGGGTGATTGGGTTAGTG TGGCAGCAATTTTCATATCC 60 85.28 0.99 
PAPOL-G ENSOCUT00000004965 TGACTGCCAGTGCATCAAC GGGATTTACATGGGCAAGAG 123 100.38 0.99 
GDF9 ENSOCUG00000013621 GGGATTCCTAAAGCCAACAG GTGTTCCACGGCAGTAACG 115 93.95 0.99 
ZAR1 XM_008251530 CAGAAGTCTTACAACCCCTACCG GCAGGAACACCTCGTACGTT 72 88.99 0.99 
YY1 ENSOCUT00000025016 GGGCAAGCTATTGTTCTTGG GGCATTGACCTCTCAGATCC 98 93.37 0.99 
 
 
 
 


